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A CULTURE OF 8ACCH&R0MYCES CERVISIAE CONTAINING THE 
GENE RESPONSIBLE FOR HUNTINGTON ! S DISEASE fflD USES THESE. OF. 

The present invention relates to nucleic acids 
useful in the detection and/or treatment of Huntington's 
disuses;® and to materials derived from ths nucleic acids, 

Huntington's disease (EDI is a progressive 
neurological disorder that typically produces cnotional 
disturbances, lack of motor ooordination and intellectual 
deterioration, The onset of symptoms generally occurs in 
Bid-life, followed by progression of the disease to death 
over 15-20 years (Kartin and Gusella 19B8). It is 
characterised pathologically by an extensive logs of 
specific neuronal classes, oceuring primarily within the 
caudate nucleus and putaman with the relative sparing of 
neurons in the rest of the brain* The biochemical defect 
underlying the mechanism of this cell death is unknown and 
there is no existing treatment that will arrest the course 
of the disease. 

The inheritance of ED is well documented? it is 
caused by an autosomal dominant gene with complete 
penetrance and low mutation rate (Martin and Gusella 1986). 
genetic linkage to the anonymous BNA marker D4S10 localised 
the mutation to the short arm of chromosome 4 (Etasella ©t 
al. 1983} and multipoint analysis has indicated that the 
gene is distal to this marker within the most telsmerie 
subhead, 4pl6.3 (Gilliam et al. 1987a). The discovery of 
linked markers has allowed the development of a test for 
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both the presyHptosatic and prenatal identification of 
probable gene carriers (Keisson ®t al. 1988). It has also 
led to the identifi cation of individuals with a high 
probability of being homozygous for HD and, interestingly , 
the progression of HD in these individuals is 
indistinquisable from that in typical HD faeter&ssygotes 
{Weseler et al. 1987? Myers et al» 1989). Eecently, an 
intense effort has been employed to isolate closer sad 
especially flanking markers to precisely define the 
position of the gene (Gilliam et si. 1987b? ItacDonald et 
al. 1987? Pohl et al. 1988? Eiehards et al. 1988? Smith et 
al. 1988? wasmuth et al. 1388? whaley et al. 1988? Youngsaan 
et al. 1988? HacDoaald et al- 1989b). 

A long range restriction sap has been constructed 
with more than 20 independently derived UNA probes that map 
distal to D4S10, The map consists of three as yet ■unlinked 
segments that together cover 5 million base pairs (Mb) and 
extends minimally 4 Mb distal frost D4S10 (Bwcan et al. 
1989} to a position characterised either as a cluster of 
well cut restriction sites or the telomere of 4p. Order 
and orientation of the segments has been determined by 
genetic linkage studies (Richards et al, 1988? Wasmuth et 
al. 1988? Whaley et al. 1S88? fowngssan et al. 1989? 
MacDonald et al. 1989a) and by somatic cell genetics 
{MaeDonald et al, 1987? Smith et al. 1988). Analysis of 
recombination events in Huntington's disease families 
{MacDonald et al. 1989a? Bobbins et al. 1989) suggests that 
the most likely position for the HD gene is telosaerie to 
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the most distal published starker MS9Q {defined by probe 
©5) situated 30Q kb frost the end of the ssap CSuean et al. 
1989). ib spit® of the intense analysis, a definitive 
flanking starker has not yet been identified. 

The inventors have isolated- mh from the p!6.3 
band of human chromosomes 4 which contains the gene 
responsible for and characteristic of Huntington's disease 
(BD). A culture of Bacchar payees cerevisiae containing a 
yeast artificial chrcsosoffle (SAC clone) designated Y8BBT 
containing this DN& was deposited on 26th September 1989 
under Budapest Treaty Conditions in the National Collection 
of Yeast Cultures, Celney Lane, Norwich, NR4 7AU f England 
under thg Accession Ho .,. s. 

The present invention provides, in one aspect, 
YAC- clone Y88BT (Accession no, ) « 

In another aspect the invention provides nucleic 
acid probes capable of hybridising with YAC-clone Y88BT* 
The probes may be single or double stranded, ENA or DMA. 
Preferably they will be labelled with conventional labels 
such as radio-labels, fluorescent labels or enssyme labels, 
The probes will be capable of hybridising with Y88BT uadet 
low stringency conditions. Preferably the probes will 
hybridise under high stringency conditions. 

The present invention also provides nacleic acid 
fragments capable of hybridising with Y88BT under low or 
high stringency conditions, containing a ceding sequence 
corresponding to the' wild-type or mntant gene which, in 
sratant fon» is responsible for ID, 
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Such coding sequences may encode the whole or a 
part of the polypeptide eneoded by the HD gene or the 
wild-type gene of which the HD gene is a sratant. They ssay 
contain introns with suitable splicing sites and ligation 
signal sequences, Preferably the nucleic acid fragments 
also contain transcription and translation initiation and 
termination sequences in correct reading frame register 
with the coding sequences. They may further comprise 
transcription enhancer and promoter sequences operationally 
linked to the coding sequences or other sequences 
responsible for the phenotype of the smtation. The nucleic 
acid fragments may he in the fora of inserts in cloning or 
expression vectors such as eosmids, plasmids, yeast 
artificial chromosomes and viral genomic nucleic acids, 

The present invention also provides virus 
particles containing nucleic acid fragments as hereinbefore 
described in the genomic nucleic acid and cells transfested 
with cloning or expression vectors or infected with such 
virus particles containing a nucleic acid fragment as 
hereinbefore described. 

The present invention further provides processes 
for expressing polypeptides encoded by nucleic acid 
fragments as hereinbefore defined comprising culturing 
cells transfected with cloning or expression vectors. Such 
culturing and expression saay be conducted in vitro in 
tissue or cell culture or in vivo in ascites or in 
transgenic animals. Preferably polypeptides expressed by 
these methods may be recovered from the culture medium,, 
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ascites fluid or a body fluid of transgenic animals or from 
the cells expressing the polypeptides by disrupting the 
cells and fractionating the cell debris, Transgenic 
animals harbouring the wild type or mutant gene which in 
mutant form is responsible for HD form a farther aspect of 
the present invention. 

Polypeptides encoded by the nucleic acids as 
hereinbefore described form a further aspect of the 
invention, They may be useful for immunisation or therapy 
of HD and in diagnostic test methods for identifying 
carriers of the BD gene. 

The polypeptides Bay be immbolised or labelled 
for instance for use in such diagnostic tests. 

The invention further provides antibodies, which 
may be f for instance, polyclonal or monoclonal antibodies, 
and fragments of such antibodies, for instance Fab or 
F(ab'), fragments, raised against or specific for the 
polypeptides described above, and processes for production 
of the antibodies and fragments as described below. 

Snch antibodies and fragments stay be produced by 
conventional immunisation techniques 'using the polypeptides 
described above. Polyclonal antibodies are recovered from 
body fluids of animals immunised with the polypeptides, 
Alternatively the animals may be inoculated with cells 
containing nucleic acids as hereinbefore defined or 
infected with viruses containing such nucleic acids in a 
manner such that the cells or viruses express the 
polypeptides and stimulate an immune reaction. Polyclonal 
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antibodies Hay be recovered frost the bod]? fluids of animals 
so inoculated or infected* 

Ksnoelonal antibodies are produced by removing 
antibody-secreting cells fross animals inoculated, infected 
or immunised as described above, and immortalising the 
cells by fusion with immortals cells or other knora 
techniques such as infection with Spstein-Barr virus, 
cwlturing the immortal cells and recovering the antibodies 
secreted thereby, 

The present invention also provides 
antibody-secreting cells and ismortaii sed such cells or the 
decendants thereof which produce antibodies raised against 
or specific fcr polypeptides as described above. 

The antibodies and fragments thereof are useful 
in passive immunisation against the peptides described 
above and in diagnostic and therapeutic processes. 

For diagnostic uses the antibodies or fragments 
may be immobilised or labelled with labels such as 
radio-labels , fluorescent labels or enzyme labels. For 
therapeutic uses the antibodies or fragments may be used as 
targetting entities for therapeutic or cytotoxic agents, or 
in passive immunisation. 

For therapeutic uses the nucleic acids, probes, 
vectors, ceils, viruses, polypeptides, antibodies or 
fragments thereof are preferably presented as unit™ or 
multi-dose formulations comprising a pharsaeeutically 
acceptable diluent or carrier, for instance as tablets, 
capsules, solutions, suspensions or dry powders or 



concentrates suitable for use in producing solutions or 
suspensions, for administration ©rally or parenterally {in 

which ease the solutions or suspensions will be sterile and 
pyrogen-free) for instance intramuscularly , subcutaneously 
or intravenously as an injection or, in the ease of 
intravenous administration, as a continuous infusion. 
Dosages and dosage regimes will be determined according to 
the activity and toxicity of the agent administered, the 
objective of administration and the age, ssisse, weight, 
health and nutritional status of the recipient taking into 
account absorption and clearance rates and tissue 
distribution patterns for the agent administered. 

Such formulations form a further aspect of the 
invention. — 

The invention further provides nucleic acids and 
probes and vectors, cells and viruses containing nucleic 
acids as hereinbefore defined, polypeptides and antibodies 
and fragments thereof raised against or specific for 
polypeptides as hereinbefore described and 
antibody-secreting cells for use in the treatment of the 
human or animal body by surgery or therapy or in diagnostic 
methods practised on the human or animal body and their use 
in preparation of medicaments for use in such treatment or 
diagnostic methods as well as methods for treatment or 
diagnosis comprising administering a non-toxic effective 
amount of a nucleic acid, probe, vector, cell, virus, 
polypeptide or antibody or fragment thereof to a human or 
non-human animal in need thereof. 
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The invention further provides diagnostic tests 
practised on a sample of tissue , cells or body fluids of 
individuals carrying or suspected to carry the HD gene 
comprising contacting the sample with a nucleic acid, 
probe, sector , cell, virus, polypeptide* antibody or 
fragment theree£ f and kits for use in finch tests comprising 
at least the nucleic acid* probe,, vector , cell* virus? 
polypeptide, antibody or fragment thereof and optionally 
further comprising, separately packaged, buffers, labelling 
reagents , reagents far detecting labels, controls and/or 
standards. 

The invention will be farther explained and 
illustrated by the following description of the production 
and characterisation of Y88BT„ The novel materials and 
processes described below represent particular embodiments 
of the invention. 

We have set out to delineate and clone the 
telosaerie candidate region and describe here the use of 
Saccharoasyces cerevisiae as a direct route to selectively 
clone the teloaere of the short arm of chromosome 4. This 
clone would minimally set physical limits to the position 
of the gene and provide a definitive flanking starker to the 
mutation. Whilst telomere cloning in E. eoli has been 
reported (Blackburn and Challoner 1984; Ponssi et al. 1985), 
YAC vectors, allowing the replication of mammalian DNA 
fragments as artificial chromosomes in yeast 
(Burke et al. 1987), have provided the opportunity of 
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et a!. 1988). The sequencing of the hurr 
shown it to be identical to the Trypanosoma repeat and to differ by oniy one 
base with that from Tetrahymena (Msysis ef a!. 1988). it seemed likely, 
therefore, that a human telomere would be functional in yeast. We describe 
here the construction of a vector containing ARS1 , CEN4, URA3 and one 
cassette ef the Telrahymena ieiomerie repeat (TEL) f to provide a system for 
the selection of mammalian telomeres (YAC-11). &r-n« approaches ha/e 
recently been described (Brown 1S89; Cross et al. 19BS; Cheng et al. 
1989). 

We have isolated overlapping cosmlos, 2RS8 and E31 (defining locus 
D4S142) which on further analysis of the distal region of 4p16,3 by pulsed 
field gel electrophoresis {PFGEJ were found to map approximately 200 kb 
distal to D4S90. An Mspl restriction fragment length polymorphism (RFLP) 
detected by pBS-18 (a subclone from 2R88) suggests that the HD mutation 
may be yet disia! to this locus. Several lines of evidence suggested that the end 
of the pulsed field gel map is In fact the end of the chromosome. The addition of 
a rare cutter polylinker to the YAC-H vector (YAC-tt) allowed the Isolation 
of the most distal 120 kb BssHli fragment of 4pi6.3 by the construction of a 
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BssHII-telomere library and its subsequent screening with a probe from 
2R88. The strategy of constructing the library from an Individual 
homozygous for the HD gene guarantees tha' the olone described here derives 
torn an HD chromosome. 
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Materials and Methods 

DMA and Cell lines 

Lymphoblastoid ceil lines were as follows: 6M1416B (karyotype 48 XXXX) 
(HIGUS, Human Genetic Call Repository, Camden HJ); GUSHMI and GUSHM3 
are from individuals from the Venezuela pedigree flksfy to be homozygous for 
ffO {Wexier et al. 1987); SUSS41 and GUS115 are from Individuals from 
the Venezuela pedigree that do not oarty the HD mutation, Somatic cell 
hybrids included: HHW693, a human-hamster hybrid containing human 
4p15.l-4pter translocated onto a fragment of the short arm of human 
chromosome 5 (Wasmuth et al. 19B6); HHW842, a human-hamster hybrid 
containing human chromosome 5 and human chromosome 4 with an 
interstitial deletion of 4p14-4p16.3, retaining the terminal portion o? 
4p16.3 (Smith et al. 1988}; HHW847. a human-hamster hybrid containing 
several human chromosomes, including human chromosome 5, and a t{4:21) 
chromosome in which 4pi6.2-4pter is absent .{Smith et ai. 1888). 

DMA Preparation, Digestion, Fractionation, Transfer and 
Hybridization 

DNA for conventional Southern blot analysis was extracted from peripheral 
blood leukocytes and lymphoblastoid ceil lines by standard techniques, 
isolation of high molecular weight DNA in agarose blocks from lymphobiastoid 
cell lines for botr ^FSE (7.5x1 cells/stock) and cloning Into YAG vectors 
(3x1 0® cells/block) was as previously published (Herrmann et al. 1087). 
High molecular weight DNA from blood was prepared by the selective lysis of 
erythrocytes (Herrmann and Frischauf 1987) with modifications as 
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described fcy Susan et si. (1989). 

YP148) and for the analysis of YAC 
described by Carle and Olson (1985), 
from FMC Bioproducts. 




l Of DNA 

for, and fractionation of DNA by, PFGE was essentially as described in 
Herrmann et a!. (1987). PFGE was performed by contour clamped 
homogeneous electric fields (CHEF) In an apparatus similar to that described 
by Chu st al. (1986) constructed at the EMBL Heidelberg, Electrophoresis 
was at 5 V/cm in 0,25 x TBE at 14°C, with specific gel conditions and pulse 
times as described in the text and figure legends. DNA was transferred in 
alkali for 2 hrs onto Hybond-N+ {Amersham) from conventional agarose gels 
and for 48 hrs onto Hybond-N {Amersham} from pulsed field gals, Probes 
were labeled In agarose to high specific activity by random oligonucleotide 
priming (Feinberg and Vogelstein 1984), Hybridizations ware performed in 
50% formamide at 42°C (Monaco ef ai. 198S} and filters were washed as 
described by Church and Gilbert (1984}. Probes containing tow copy repeat 
sequences were prehybridized with cold, sonicated total human DNA ( 
al. 1985). The oligomer (CCCTAA) 4 was labeled by kinasing i 
In Q.5M Na 2 HP0 4 pH 7.2, 7% SDS, 1 mM EDTA at 42»C for 20 hrs. The 
filters were rinsed three times in 3 a 3SC< 0,1% SDS (1 x SSC is 0.15 M 
NaCf, 0.015 M irlsodlum citrate pH 7.0) at RT and washed twice for 2 mxtx 
SxSSC, 0.1%8DSat55°C, 
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Restriction mapping of cosmlds was according to Rackwta et al. (1985), 
using a oomputer program package tor restriction map analysis and 
manipulation tiesstibeti by Zehetner and Lehrach (1986). 

Construction of telomere eiasiing vectors YAC-tl and YAM 

The construction of the telomere cloning vectors is outlined In Figure 5. 
YCpSO (Hieter et a!. 1985) Is a pBR322 based pfasmid which contains ARSi 
(yeas? origin of replication), CEN4 (yeast centromere) and URA3 (selectable 
marker) whilst retaining the plasmid origin of replication, amp and let 
genes. EeoRI, BamHI and Sail are among its unique restriction sites. The 0.7 
kb BamHI/Xhol fragment from YAC4 (Burke et al. 1987), that contains the 
Tetrahymena telomere repeats (TEL), was isolated from a IMP agarose 
(BRL) gel by treatment with agarase (Burmeister and Lehraeh 1989) and 
Ggated into the BamNI/Sall sites of YCpSO to create YAC-tl (8.38 kb}. The 
correct construct was indicated by let sensitivity and by the destruction of the 
Sail site and retention of a BamHi site. Cleavage with BamHI/EcoRI generates 
a linear telomere cloning vector with TEL sequences at one and and an EsoRI 
cloning site at the other. Replacement of the BamHI/EcoRi fragment with a 
rare cutter polylinker containing Not!, Sacll, Sail, MM, Clal and SnaBI sites, 
and flanked by BamHi and EcoRi complementary ends, led to construction of 
YAC42 (8.05 kb). This polylinker was analogous to ©ne previously described 
by Marehuk and Collins (1988) in the YAC-RC vector, and In addition to the 
unique restriction sites listed above, will accept DNA generated by BssHil, 
Eagi, Nael, Narl, Nrul, Smal and Xhoi digests due to their ligation 
eompatabllity with sites in the polylinker. 
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Preparation of the YAC telomere library 
YAC-t2 was cleaved with Mful (NEB) and BamHI (BRL) and phosphatase* 
(Boehrfnger-Mannheim). High molecular weight genomic DNA was prepared 
from GUSHM1 in agarose blocks at 3x10 s ceHs/BO u! in 0,8% IMF agarose 
{BRL}. This was digested to complete with BssHil (NEB, SOU) for 3 hrs. 
Digestion was terminated by incubation with Proteinase K {1 mg/ml) (BDH) 
and 50 mM EDTA pH 8.0 at 37°C fcr 30 min. The Proteinase K was 
inactivated with 2 x 30 min incubations in 15 ml 40 ug/mi PMSF 
(phenylmethyisulphonyl-fluoride; Sigma) In IE (10 mM Iris (pH 8.0} 1 
mM EDTA) at 37°C, The blocks were equilibrated with NaCi such that the final 
salt concentration in the ligation reaction was SO mM, and melted at 88°C for 
S min. 30 ug of genomic DNA was gently mixed with 6D ug of BamHS/Mlul cut 
and phosphatased YAC-t2 and ligated overnight at 15°C in a total volume of 
200 ul in 1 mM ATP, 40 mM Tris-HCi pH 7.6, 10 mM UgQ\ 2 , 1 mM DTT 
with 5 ul T4 DNA Ifgase (400 U/ul; NEB). Two ligations of 30 ug of BssHI! 
cut 6USHM1 to Miui/BarnHI cut and phosphatased YAC-RC were prepared In 
paraMel by the same protocol with the exception thai only 30 us of vector was 

The YACM2 ligation and one of the YAC-RC ligations were meted at 
68°C for 5 min, gMqS to 300 ul with 3% LMP agarose (BRL) In IE and 
reset into blacks, which were loaded onto a 0,8% agarose gel in TAE, Much of 
the non-recombinant vector was electrophoresed out of the ligations for 2 hrs 
at 5 V/sm. The gel containing the vaster was removed and the genomic DNA 
electrophoreses back into the blocks under the same conditions using an 
inverted field. The blocks were removed from the gsl and equilibrated, 
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alongside the non-treated YAC-RC ligation, with SO mM Had, 10 mM EDTA 
and melted at 6S°C for 5 mfo. All ligations were acarased with 100 U agarase 
(Calbiochem) at 37»C for 3,5 hrs. After 1:1 dilution with 2 M Sorbitol they 
were frozen on dry ice and stored at Ugalions were thawed and 
transformed into A8138Q spheroplasts. The preparation of spheroplasts and 
the transformation procedure were as described by Burgess and Percfval 
(1887). with the exception that the transformation was performed at 1,S x 
1QS spheroplasis/ml. 10 ng of YCpSO superooB DNA was transformed In 
parallel to provide an estimate of the transformation efficiency. Plates were 
incubated for § days at 3Q°C in a fan assisted incubator. 



The colonies were replicated in duplicate out of top agar using an aluminium 
plate with 40,000 machined pins (constructed at the EMBL Heidelberg) onto 
ura- plates. After 2 days al 30°C they were lifted onto Hybond-N membranes 
and iysed overnight on Whatman 3MM soaked in 1 mg/rnl zymolyase (FMC 
Byproducts) In 1 M Sorbitol, 0.1 M sodium citrate pK 5.B, 10 mM EDTA pH 
7.8 and 30 mM 2-mercaptoethanoI. Filters were denatured tor 10 mln on 
Whatman SMM soaked in 0.S M NaOH/1.5 NaCi and excess denaturant was 
removed before neutralization by flotation on 1J M NaCI/1 M Iris pH T.4 
(neutralization solution) tor 2 mln. Ceil debrfs was wiped off with Kleenex 
tissues soaked in 0.1 x neutralisation solution, with which the filters were 
then rinsed thoroughly. They were insubated on Whatman 3MM soaked in 200 
ug/m! Proteinase K {BDH;. in 0.1 x neutralization solution for 20 mm and 
then floated on 50 mM NagHFO^ pH 12 for 2 min. After air drying, the 

filters were baked under vacuum for SO min at 80°C and UV cross linked 

n« u *• riHi^im* were as described above with a 
(Church and Gilbert 1984). Hybridization* ware as 

oroba concentration of 1-2x10 6 
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Resyffs 

Charaeterisation of eoamid clones and B31 

2RS8 and B31 are two of a series of clones {Whaley et al. in preparation} 
idemified by hybridization with total human DMA to a eosmid library 
constructed from the somatic sail hybrid line HHW6S3: which contains 
4p15.1-4pter translocated onto a fragment of 5p as the only human 
component on a Chinese hamster cell background (Wasmuth et al, 1SS8). 
Figure la shows restriction maps of the cosrnids, including the positions of 
sites for the rare cutter enzymes Mlul, Sail and BssHf! which were used in 
the further analysis. The positions of unique or low copy fragments that were 
isolated for use as probes are also indicated. 

To determine which of the rare cutter sites identified in the clone are 
also cieavabie in genomic DNA. we hybridized the probes 8SBH2.0 and 
88E1.8 to Southern blot filters of DNA from the celi line GM1416B, that had 
been digested either with Hindlii only, or with both Hindi!! and a number of 
rare cutting enzymes. Figure lb shows the result of this experiment, 
indicating cleavage of the rare cutter sites (BssHII. Sail and Ciai) in 
GM1416B DNA, The Cla! site is not present in 2RS8 (since this cosmid is 
derived from HHW693 DNA), 

2R88 Is located in the most distal region of 4p1B.3 f 100 kb 
from the end of the map 

Provisional pulsed field gel mapping data, with the enzymes Notl, Miut and 

Nrul, suggested that 2R8S maps 80-280 Kb distal fo DS on a partial 220 kb 
Mlul fragment. !n order to position 2RSS precisely, and to determine its 
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orientation, the region was mapped mere extensively with BssMli and Sail 
using the probe D5, and 8SBH4.8, p2R88-1 and SSES2.3, isolated from 
2R88 (Figure la). The probes were hybridized to a number of fillers 
containing single and dixi;.* digests of GM1416B and peripheral leukocyte 
DNA. Filters were prepared in duplicate with pulse times of 100 sec and 50 
sec, which allow a gel resolution of up Is 1500 and 600 kb respectively. 
Figure 2 shows the hybridization of p2R88-1 and D5 to one liter 
illustrating detection of the same 350 kb Nrul fragment in leukocyte DNA and 
the same partial 300 kb Mlui fragment in GM1416B DNA. 

Data of this type, summarised in Table I, allowed the construction of a 
high resolution pulsed fieid restriction map of the most distal region of 
4p16.3 (Figure 3} and iocaiized 2RSS 200 kb distal to DS and 10C kb from 
the end of the map. However, establishment of the pulsed fieid map was 
complicated by the observation of additional bands, identified by cross- 
hybridization of the probes used to other be!, a phenomenon characteristic of 
this region of the genome (unpublished observation). Weaker bands, 
corresponding to fragments detested by cross-hybridizing loci, ars indicated 
by an asterisk in Table t and discussed In the table legend. 

The end of the map is likely to coincide with the telomere of 

The cluster of restriction sites at the distal end of the map (marked in italics, 
Figure 3) could represent either a CpG island, containing a well cut sits for 
all enzymes tested, or the 4p telomere. Pulsed field gel analysis is unable to 
distinguish between these two possibilities, however, several further lines of 
eidence suggested that this was indeed the telomere. Attempts to Identify DNA 



WO 



-18- 



PCT/GB9Q/01481 



beyond these sites by partial digestion were repeatedly unsuccessful. 
Similarly, we were unable to Isolate clones from the potential CpG island by- 
chromosome jumping (Poustka and Lehraeh, 1S83: Poustka et aL 18S7; 
Poustka and Lehrach 1988} in either Mlul or BssHiS jumping libraries 
{Poustka, unpublished}, while multiple clones extending to a site proximal to 
this position were recovered (in preparation), in combination, this svidenoe 
was sufficiently compelling to devise a strategy for the isolation of the 4p 
telomere based on the pulsed field gsi analysis presented here,. 



Cloning of mammalian telomeres in Saoeharomyses Cerevisiae 
The similarity of the human telomeric repast to that of Tetrahymena 
(functional as a telomere in yesst) suggested that a YAC vector carrying only 
one Tetrahymena telomere would allow the cloning of a human telomere by 
complementation. To simplify the identification of a clone from 4p ; and to 
allow the construction of clones of sufficient length to be tested for possible 
biological activity (e.g. in a transgenic mouse system}, we were especially 
interested fn a telomere library containing long clones. Such large insert YAC 
libraries can be constructed by two procedures. One protocol, used by Burke 
et aL (Burke et aL 1987; Little et al. 1989), relies on the use of very 
partial digestion with commonly cutting restriction enzymes to generate the 
large DNA fragments (of the order of hundreds of kilobsse pairs) to be cloned. 
We decided to concentrate on an alternative approach and use rare cutter 
enzy-es enacting us to take advantage of the information in the long range 
map of the region. 
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Choice of rare cutter restriction ©nsyits® for the sonstrMifon of 
the telomere library 

The majority of the clones recovered from the construction of a rare cutter 
YAC torary, in the absence of prior size selection, will fall within a stes 
range of up to 200 kb (unpublished observation). By pulsed field get 
analysis, we have Identified a 100 kb BssHil fragment which remains 
p£R8S~l at its proximal and and extends to the telomere. The preparation a? 
a library from genomic DMA digested with. BssHil would therefore generate a 
clone in a size dass for which there Is a natural enrichment and allow lis 
identification by hybridization with p2R88-1. Furthermore, hybridization 
of this probe to DNA from a number of biood samples and cell lines, that had 
been digested with BssHIS and fractionated by FFGE, detected a BssHil 
polymorphism as shown in Figure 4. lanes 1 and 2 contain samples from two 
individuals from the Venezuela pedigree {GUSHM1 and GUSHM3), expected to 
be homozygous for the HD mutation, and in these DNAs, p2R88-1 detects 
BssHil fragments of approximately 100 kb and 120 kb. The BssHil fragment 
of 80 kb previously observed in GM1418B and leukocyte DNA Is not present, 
Indicating either complete methyiation or absence of the interna! site. 
Therefore, the construction of a BssHii-telomere cione library from ona of 
these individuals would provide an increased chance of recovery of a 
telomerlc clone, and would allow access to the mutant form of the region. 



Vectors YAC-tt and YAC42, that permit the cloning of n 
In yeast, were constructed as Illustrated in Figure 5 and as described in the 

materials and methods. YAC-n contains CEN4, ARS1, URA3 and a single copy 
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of TEL, the telomere repeat sequence from Tetrahymena. Upon cleavage with 
EocRI and BamHI a linear molecule is generated with the TEL sequence at one 
end and an EcoRI cloning site at the other. In YAC-12 the EcoRI/BamH! 
fragment has been replaced w-th 3 rare cutter poiyhnker to provide Notl, 
SacEl, Sail, Mlul. Cial and SnaBi as additional ctonlng sites. 

Construction of a SssKIMsioniet'e clone library from an 
individual homozygous for HD 

The steps involved in the preparation of the telomere library are summarised 
in Figure 6. High molecular weight genomic DNA from GUSHM1 was prepared 
in agarose blocks, digested to completion with BssHii and ligated to an excess 
of YAC-!2 which .had been cleaved with BarnHi and Mlul and treated with 
alkaline phosphatase to reduce vector background. To further reduce the 
background of clones originating from vector alone, most o? the uniigated 
vector was then removed by electrophoresis. As a control, a fraction of the 
BssHii digest was ligated to MM cleaved YAC-RC, a YAC cloning vector 
containing a rare cutter poiylinker (Marchuk and Collins 198B). Losses 
incurred during vector removal were estimates by transforming fractions of 
this ligation from both before and after the removal of the vector, which had 
been carried out in parallel with that for the telomere cloning experiment. 
Libraries were constructed by transformation of A813S0 spheroplasts. 
Spheropiast transformation efficiency was tested with YCpSO, giving a value 
of 3.Sx1Q5 colonies/ug vector. The ligation of BssHII digested DMA into YAC- 
RC gave a transformation efficiency of 5x10^ colonies/ug insert. Therefore, 
we transformed ligation mix containing approximately 3 ug of insert, 
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it to give one to two fold coverage of the ctonabSe BssHti f 



Library sween 

The 25,000 clones recovered ware repeated in dupSi; 
top agar, containing sorbitol, onto ura- plates. Filter fi 
with p2R88~1 and a single positive clone (Y88BT) wa 
agreement with the one to two fold coverage expected. While most of the other 
clones recovered appear io be vector background, due to the incomplete 
removal of vector sequences, approximately 10% of the clones (2500 
clones) were found to hybridize with a cloned Aiu repeat probe, Thess would 
be expected to carry human DNA Inserts, either due to the formation of 
(dicentric) clones with two vector arms, or the low frequency recognition of 
broken DNA fragments by the yeast felomerase. Up to 20% of the Ala 
positives that would be expected from the construction of a library in a 
conventional YAC vector have been recovered, suggesting minimally a five fold 
enrichment for telomere clones. Previously, the rate limiting step in the 
rapid analysis of a large number of YAC recombinants has been the difficulty 
in the transference o? the clones embedded in top agar to a form' In which they 
can be screened rapidly and in high density without library amplification. The 
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Y88BT contains only one YAC-ta sequence, and carries a human 
telomere repeat 

Chromosomes were prepared from the p2R8B-1 positive clone, Y8SBT, and 

kb, the size of the larger BssHSi fragment detested by p2R88-1 in GUSHM1 
DNA {Figure 7a). in order to determine that this done contains the telomere 
of human chromosome 4p, and has not arisen from an interna! BssHli 
fragment, Y88BT was digested with Noll and fractionated by PFGE alongside 
undigested DNA, Noti digestion separates the vector from the genomic DNA by 
cleavage within the vector polyfinker. The resultant filter was hybridised 
sequentially with Alu. p8R322 and an oligomer, (CCCTAA} 4 , that contains the 
human telomeric repeat (Figure 7b), Hybridization with Afu indicated the 
absence of an internal Noti site within the clone. pBR322 detected the 8 kb 
vector fragment only, demonstrating that all of the vector DNA had been 
removed from the artificial chromosome on digestion with Noti. Hybridization 
with (CCCTAA)4 to the Noti cieaved recombinant Indicates the presence of 
telornenc sequences on the BssKII fragment. At this stringency the oligomer 
did not cross-hybridize to the tetrahymsrta telomeric sequences on the vector. 
The teiomeric sequences on Y8SBT are human in origin and this clone 
therefore contains the most teiomeric 120 kb of chromosome 4p. 

A rare cutler restriction map of YS8BT 

In order to identify and position BssHU, MM and Sail sites within Y88BT, a 
restriction map was constructed using a combination of complete and partial 
digests (Figure Bb). This demonstrated that Y888T starts at the BssHU site in 
B31 that is adjacent to an Mlul site. The exact correlation between tne 
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pssitson of rare cutter sites within Y88BT wish thai in 2R88 and 831 argi 
against any rearrangements in the srsost proximal 40 kb of the done. The 



5 of the BssHIl sits 40 kb from the teiam. 
differential cleavage of this sits between individuals and cell lines is a the 
result of a methyiaiion polymorphism rather than the abssncs of a restriction 



HD mutation is within ¥88 BT 

The HD gene has been localized tc the 4pl8.3 band by linkage analysis with 
numerous DNA markers (Guselia et al. 1983; Giiliam et a!. 1987a; Wasmuth 
et at. 1888; MacDonald et al. 1989b). However, its precise position within 
this small segment of the genome can only be established by a relatively small 
number of cases in whish recombination events occur between the disease 
locus and the closest DNA markers. Such landmark crossovers have not 
provided an unequivocal placement of the HD gene, but have strongly favored a 
position distal to D4S80, the most telomeric marker on the genetic linkage 
map (MacDonald et ai. 19B9a; Bobbins et al. 1889; Youngman et a!, 1989). 

Probe p88-18, from 2RS8, was found to detect a rare restriction 
fragment length polymorphism {RFLP) when hybridised to Mspl-digested 
human genomic DNA, The alleles, corresponding to fragments 2,0 kb and 1.8 
kb, displayed frequencies of 0.S8 and 0.02 respectively (N-100, where N is 
the number of chromosomes screened). Although not informative in the bulk 
of the landmark recombination events used to assign a telomeric position for 
HD t this RFLP was heterozygous in a critical rnelosis from trie extended 
Venezuela HD pedigree (Figure 9) where HD segregates with the rare allele. 
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in the mating shown, several DNA markers from 4p1S.3 including D4S115, 
D4S111 and D4880 have previously been ascertained to recombine with WD 
(MacDonald el a!. 1S89a). which Sf interpreted as a single recombinant, 
would suggest a location for HD proximal to these markers. However, the 
existence of other recombination events, sncompaisbie with the proximal 
region, favors the assignment of the disease gens to the telomere segment, 
distal to D4S90 (MacDonald et ai. 1SSBa; Bobbins et au 1989). If the 
terminal location is correct, the Mspl RFLP at D4S142 also shows 
recombination with WD. indicating that the event described above may be a 
double recombinant. This implied second recombination event would have to 
be located distal to the Mspl RFLP at D4S142, as this polymorphism also 
shows recombination with HD. Since the polymorphic Mspl site detected by 
p86-18 is located within the Y88BT clone, the latter would span the entire 
HD candid 



WO 9I/9S&44 



-25- 



PCr/GB90701481 



DIssussisn 



The extreme telomeric location of the HD gene within 4p16.3 has made the 
search for closer and especially flanking markers particularly difficult. It 
has net been possible to identify a proven flanking marker nor to define with 
absolute certainty the region containing the HD mutation. However, with the 
exception of one event, analysis of discrete crossovers suggests a very distal 
location for the gene defect (MacDonaW et af. 1889a; Bobbins et al. 1988). 
telomeric to D4S30, the most distal locus previously published. Similarly, 
the observation of linkage disequilibrium with some but not ail RFLPs has 
also not provided a conclusive localisation for the defect (Snell et al 1989). 

We have isolated overlapping cosmids, 2RS8 and B31 (D4SU2) and 
positioned them, by pulsed field gel analysis, 200 kb distal to D4SS0, within 
a region previously shown to be the favored location for WD, An RFLP at this 
locus, detected by pSS-16, although relatively uninformative In the general 
population, segregates with HD in the Venezuela pedigree and in one sibship 
identifies a recombinant with the mutation, This crossover suggests a location 
for HD either proximal to D4S115 ot distal to D4S142. However, owing to 
the existence of (minimally three) other recombination events that are 
incompatible with proximal location, the bulk of the recombination evidence 
suggests that gene may be distal to D4S142. 

In order to pinpoint the position of the gene more precisely It is 
imperative that yet more distal and informative markers be identified. In 
parallel to the work described here we have used a combination of 
chromosome jumping (Pous:ka and Lehrach 1986; Poustka et al. 1987; 
Poustka and Lshrach 1988} and walking to isolate markers distal to this 



WO 91/0S044 



PCI/GB90/01481 



-26- 

tocus. A jump from the weR cut BssHII sits in 2R88, in a BssHII lumping 
library (Poustka unpublished) and a subsequent phage walk, has allowed us to 
reach within 30 Kb of the end of the pulsed field gel map (in preparation). 

The isolation of Y8BBT has provided unequivocal proof of the position 
of the telomere of 4p and this has for the first time set an absolute distal 
Ismit to the location of the HD gene. The telomeric candidate region of WD has 
therefore been reduced to a region spanning lOOkb and the identification of 
the pBS-18 HFL'P within Y888T indicates that the HD locus may lie within 
the VAC clone. Since the BssHH-telomere library was prepared from an 
Individual homozygous for HD, the locus would be present in its mutant form. 
Therefore, we have isolated, within a single clone, the most likely of the 
candidate regions for the position of the HD gens. 

The isolation of a YAC clone likely to carry the mutant form of the HD 
gene has provided the immediate potential of a functional assay in a transgenic 
mouse system. However, in the case of such a telomeric location, the 
assumption that the HD mutation directly affects a coding sequence may 
rscjuire reconsideration, in addition to the conventional strategy of searching 
for expressed or conserved sequences, bassd on the assumption of the 
existence of a ceil specific "killing gene" within the region, iess conventional 
approaches may have to be entertained, since the proximity of the defect to 
the telomere and the paucity of unique sequences in this region raise the 
specter of novel mechanisms of action of the mutation. 
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Table 2 



Probe 


SlZS Ot parTia! Ddnus 


pBR322 


23 73 83 123 


p2R86-1 


50 60 73 83 100 123 
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Legends to tables 

Tsbie 1 

Summary of rare cutter restriction fragments (kb; +/- 10%) detected by 
DS and by probes Isolated from £RS8, 

i by partial digestion of a restriction site, are 
rficates the presence of a weak band 
detested by cross-hybridization to another locus. p2R88-1 and S8BB4.8 
both crosshybridlze to Sail and BssHII fragments of approximately SO kb, and 
DS to BssHII and Nrul fragments of approxfmateiy 170 kb that are located 
proximal to this map but within 700 kb o? the distal end of the map. p2R88- 
1 also crosshybridizss with a locus on the 220 Kb BssHII fragment detected 
by D5, and B8BH4.8 to a locus that detects the same BssHli fragments as 
P2R88-1. 

N-Notl, M-Miul. R«Nrul, S.Salt and B-BssHli. NT - not tested, 
Table 2 

Sizes of partial BssHII restriction fragments (+/- 10%) of Y8BBT, detected 
by hybridization with pBR322 and p2R88-l (Figure 8a). 

Legends to figures 

Figure 1: Characterization of the 2R88 and B31 eosmids 

a) Restriction maps of the 2R88 and B31 eosmids indicating the position of 



used as probes against Southern filters are outlined above the map. These 
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fragments that flank the BssHI! sites, SSE1.8 is the 1,8 kb EcoRi fragment 
containing the Sal; site and 8SES2.3 the 2,3 kb EeoRi/Sall fragment (the Sail 
site ss in the vector). p2R88-1 Is a Sau3A/Psfi fragment of 750 bp in 
pGE^:4 that originates from the 22 kb BamHI/Hindlli fragment and pSS-18 
sontams a SauSA fragment in pGEM4 that maps to the TOO bp EcoFU/HindiH 
fragment. 

b) Demonstration that the BssHII and Sail sites within the 2RS8 eosmid are 
unmethylated In'genomfc DNA isolated from the cell line GM1416B. 88BH2.0 
and 88E1.8 were hybridized in turn to a filter containing GM1416B DNA that 
had been digested with Hindlll only and witr. Hindlll and a rare cutter 
retriction enzyme as indicated. The 6 J kb Hindi! ! fragment detected by 
88BH2.D is reduceo to 2,0 and 5.2 kb by BssHii and Ciai respectively. 
Fainter bands are indicative of crass-hybridization to other loci. The 4.5 kb 
Hindiil fragment detected by 88E1.8 is reduced to 2.8 kb by Sail cleavage. 

Figure 2: Pulsed field ge! analysis of D5 and p2R88~1 
Hybridization of the probes p2R88-1 and D5 to a putsed field filter 
containing both GM1416B and leukocyte DNA that has been digested with rare 
cutting restriction enzymes as indicated. Electrophoresis was for 3§ hrs at 5 
V/cm in 0.75% agarose/0.25 x TSE with a puis© lime of 50 sec. LM indicates 
the region of limiting mobility. 

N-Notl, M-Mlu! R«Nrul S-Sa.l and 8-BssHIh 
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A Song range restriction map spanning 350 kb and i; 
linkage between the 05 (D4S90) and 8R88/B31 (D48142) foci and the 
position o? the 4p telomere (Mfcated as restriction sites In Hallos). 

350 kb Nrul, 1000 kb MM {Table 1), and 850 kb tot! (Table 1) fragments 
in leukocyte DNA and to the same 350 kb Nrui fragment and partial 300 kb 
Mlul and 850 kb Noll {Table 1) fragments in DNA from GM1416B cells. Trig 
Sail fragments detected by D5 In DNA from leukocytes and GM141SS eels are 



450 and 100 kb 



GM1416B DNA can be positioned by double digestion with Not!, Mlul and Nrui. 
This places a Sail site 250 kb from the distal end of the map which Is the size 
of the Sal! fragment detected by p2R88-1 in leukocyte DNA. It Is aiso the sum 
of the 180 and SO kb Sail fragments t! 



2R88 cosmid that is not cut in leukocyte DMA). This position of 2R8S is 
confirmed by the 130 kb BaWMM double digestion product deteoted by 
P2R88-1 In GM1418B DNA, The orientation of the cosmid is indicated by the 
hybridization of p2R88-l and D5 to GMH16B DNA that has been digested 
with Sail and BssHli, positioning the BssHil sites flanking the DS BssHil 

i of these data, alongside the predetermined position of 



indicate that e site is very partially cleaved. The Natl* and Mlul' 
are available for restriction on one chromosome only and situated on 
it was not possible to be certain shai ail of the BssHil 
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Figure 4: BssHII polymorphisms detected by p2R88-1. 
Hybridization of p2R8S-1 to a Southern blot of SssHSi digested DNA from a 
number of individuals. PFC3E was in 0.9% agarose with a pulse time of 40 sec 
for 40 hrs. The DNA samples are as follows; fane 1 : GUSHMi ; lane 2: 
GUSHM3; lane 3: GUS641; lane 4; QUS 115, GUSHMIand GUSHM3 are 
individuals from the Venezuela pedigree likely to be homozygous for HO. 
GUS841 and GUS11S are individuals from the Vens^eula pedigree not 
carrying the HD mutation 

Figure 5: Construction of the telomere cloning vectors YAC41 and YAC-12. 
YAC-H was generated by the replacement of the BamHI/Sall fragment of 
YCpSQ with the BamHi/Xhoi fragment from YAC4 containing the Tefrahymena 
telomeric repeat. Cleavage with EeoRi and BamHl creates a linear molecule 
flanked by a Tetrahymena telomere and an EooRl cloning site, YAC-12 was 
constructed by the replacement of the BamHI/EcoRi fragment from YAC-n 
with a rare cutter poiylinker providing additional cloning sites as indicated. 

Figure 6: Construction of the BssHH telomere library 
High molecular weight DNA from GUSHMf was digested to completion with 
BssHII and ligated into the Mlui site of Miuf/BamHi cut and phosphatased 
YAC-12, Recombinant molecules wee tMis*or~ed into AB13S0 spheroplasfs 
and the telomere of human ctuomosonis 4p was subsequently identified by 
hybridisation to p2R88-1 . 
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Figure 7; Demonstration that the structure of Y88BT Is that of a telomere 
clone 

a) Y88BT was digested with Nofl and frastionatsd alongside- the undigested 
clone (UD). YP148 chromosomes were used as a size marker. 
Electrophoresis was in a 0,8% agarose gel with a pulse time of 40 sec for 38 
hrs to give separation up to approximately 500 kb, 

b) Hybridization to the resultant filter from the gel in a) with Alu, pBR322 
and tha oligomer (CCCTAA)4. 

Figure 8: A rare cutter restriction map o? Y883T 

a) Hybridisation of pBR322 and p2RBB-1 to a Southern blot of BssHIf 
partial digests of ¥8881. Agarose blocks containing approximately 1 ug of 
Y88BT DNA were digested with decreasing amounts of enzyme (as indicated} 
In 200 ul for 3 hrs. FFCaE was In 1% agarose with a pulse time of 5 sec tor 
24 hrs, to provide a ge! resolution of 100-180 kb. Lambda maimers and 
lambda DNA digested with Hindill were used as size markers. Livi is the region 
of limiting mobility. 

b) A rare cutter restriction map of the YS8BT ^one with the enzymes Miul, 
Sail, and BssKil (Noil and Sail cut within the polylinker). The map was 
constructed from a combination of data generated by PFGE analysis of 
complete and partial digests using the conditions described in a). The 
resultant filters were hybridized sequentially with p2R88-t ( Aiu. the 
human telomeric repeat oligomer, (COCTAAU, and with pBR322. The Sail 
and Miul sites were positioned with information gained from complete 
digestion of the YAC, The number and relative positions of the BssKII sites 
were determined from the fragments observed by hybridization with p8R322 



WO 91/05044 



PCT/GB90/OT48! 



3-1 to the partial digests as shewn in a), The d 
these sites (estimated to be +/- 10%} wese Judged from the size of e 
digest bands detected by Aiu s and those ebse to the telomere from the 
i of {GOCTAA)4 to the filter in a). 



Figure 9: Presence of D4S142 in Y88BT and segregation of the tocus in an 
H,D recombinant family 

a) p88-18 probe was hybridized to biots containing 5 ug of the following 
DNAs digested with Mspl: lane 1: HHW842, a human-hamster somatic ceil 
hybrid containing human chromosome 5 and an interstitial deletion human 
chromosome 4 which retains the terminal portion of 4pi6.3; lane 2: hamster 
ceil line tsHl spiked with 100ng oi DMA from yeast containing Y88B7; fane 3: 
lsH1; lane 4: HHWB47. a human hamster hybrid containing several human 
chromosomes including human chromosome 5 and a I(4;21) chromosome in 
which 4p16.2-pter is absent; lane S: the father (F) of the nuclear family 
shown in b): lane 6: the mother {IA}' S lane 7: an affected offspring showing 
recombination between HD and the D4S142 Mspl RFLP; and fane 8; an affected 
offspring (NR) showing no recombination. The presence of the expected 
allelic fragment in HHW842 but not in HHW847 establishes that the locus 
maps to the terminal portion of 4p1S,3. The fragment representing allele 2 
is seen in Y88BT ssnce this allele segregates with HD In the extended 
Venezuelan pedigree from which the homozygous HD ceil line, used for 
Horary construction, was derived, The results in lanes 5-8 can be 
interpreted by referring to b). 

b) The nuclear family shown derives from the Venezuela HD kindred and 
consists of an affected father (F), unaffected mother (M) and two affected 
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, (NR and R) with differing genotypes for several 4p16J r 
previously reported (McDonald el al. 1989a). The sex of the children is not 
given to nmt«* the conMerdfaliiy of the family ami to 



swus of our clinical collaborators. The norma! phase of the 
alleles with respec* to the HD chror« shown in Mtta* F end NR and 

Sibs and close relets in the remainder of the Venezuela pedigree, The 
affected individual designated as B has bean reported to display recontfnflbn 
between the markers 04S115. D4S111 and D4890 and the disease gene. The 
data shown In a) indicates D4S142 also displays rscornhihation, leaving two 
possible locations for the HD gene: 1) the region between D4S10 end D4S115 
and 2) the region between D48142 and the telomere in the o*se of a double 
The latter location Is favored, however, because of 
for the 



several independent crossovers in other families i 
D4S14E RFLP thai are inconsistent with the HD gens being proximal 
D4S111 and D4S90. 
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CLAIMS 

1. YAC - clone YBB BT (NCYC 233S) . 

2. A nucleic acid probe capable of hybridising with 
YAC - clone YBB BT (KCYC2336) . 

S 3. A nucleic acid fragment capable of hybridising with 
YAC - clone ¥88 BT (NCYC2336) and containing a coding 
sequence . 

4. A nucleic acid fragment according to claim 3 
containing at least a portion of the coding sequence of a 

10 wild type or mutant gene which, in mutant form, is 
responsible for Huntington's Disease. 

5. An expression vector comprising a nucleic acid 
fragment according to claim 3 or claim 4 in expressible fora. 

6. A virus particle containing a nucleic acid fragment 
15 according to claiss 4 in expressible forss as part of the 

genomic nucleic acid of the virus . 



7, A cell transf acted with a vector according to claim 5 
or infected with a virus particle according to claim 6, 
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8. A process for producing a polypeptide comprising 
culturing a cell according to clais 7 mnder conditions 
permitting expression of the coding sequence, 

9. K polypeptide encoded toy a coding sequence of 
5 YAC - clone ¥88 BT (NCYC2336) or a fragment thereof, 

10. An antibody against a polypeptide according to claim 
9 or produced by a process according to claim 8. 

11. Use of a nucleic acid probe, fragment t expression 
•vector, virus particle, cell, polypeptide or antibody 

10 according to any one of claims l to 7, 9 and 10 in diagnosis 
or therapy of Huntington 8 s Disease. 



WO 91/05844 



PCIVGB90/O1481 




SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



WO 91/eS044 



PCT/GB98/014il 



4/13 




SUBSTITUTE SHEET 



WO 91/05044 



PCT/GB9§/§148! 



5/13 

Fig A 



BssHI 

12 3 4 




100kb 
50kb 



P2R88-1 
SUBSTITUTE SHEET 



WO 91/05044 



PO/GB9S/S148I 




YAC-t2 

CS.DSkb) SUBSTITUTE SHEET 



WO 91/S5CN4 



PCT/GB90/S1481 



7/13 



Fig.6. 

EeoRI Not I SqcH Soli Mlul Clal SnaBi BamHI 



C 



High molecular weight DNA 

< 1 

— — — £> 



Digest with 
BssHl 



[ YAC-t2 J 



URA3 



Digest with BaoiHI 
and Mlul 
Phosphatase 




Ligate 

Remove non recombinant vector 
Transform into lira- host 



Is 

Selection far Human Telomere 



SUBSTITUTE SHEET 



WO 91/95044 



PCT/GB9§/014§1 




iSTITUTE SHEET 



1 91/®5M4 PCT/GB90/ei481 



9/13 



Fig. 7E 



YIHL 

UDNotl UDNoH UD Noil 



120kb ' 



8kb 



ML £BR ( CCCTA Ak 

SUBSTITUTE SHEET 



WO 91/05044 



PCT/GB90/014SJ 



10/13 



Fig.BA. 

BssHHfU} Bs sH IHU) 



kb kb 

20 4.0 2,0 1.0 0.5 20 4.0 2.0 1.0 0.5 



LM 
100 

50 
23 

9 
6 




PBR322 



p2R88~1 



SUBSTITUTE SHEET 



PCT/GB90/01481 



11/13 



Y88BT 



B31 



Fig. SB. 



NM B S B B BB 

YAC-t2 

B BM B S 



B 5 20kb 

!, I 



2R88 

N=NoM M = MluI S=SalI B^BssHI 



SUBSTITUTE SHEET 



WO 91/0SM4 



PCT/GB9O/01481 



12/13 

Fig,9A. 12 3 4 5 6 7 



allele 1- ^ 
allele 2~ 



— - allele 1 

- -allele 2 



Fig.96. 



D4S10 

D4S95 

D4S43 

D4S113 

D4S115 

D4S111 

D4S90 

D4S142 

telomere 



D4S1Q 
D4S95 
D4S43 
D4S113 
D4S115 
D4S111 
D4S90 
D4S142 
tela 



O 



SUBSTITUTE SHEE 



WO 91/05044 



PCT/GB90/01481 



13/13 



Pig JO, 



GM1416B 



05 

SRB (R)M N* S H* 



88ES2.3 
88BH4.8j2R88~1 

B B5 B 

— LJLJL. 



Blood 



N=NoH H^HluI R^NruI S^Sall B^BssHI 



100kb 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

Entara rt W ri PCT/G8 90/01481 



IpSf C lT/STc T2 q' 1/68,"' C 12 Q 2/02! S 01 N 33/53 




P 8 K 



Dialog Information Services, File 154, Mine 
83-90, NLM accession no, 90196008, " - 



S A yeast artificial — 

spanning a possible location of the Huntington 
disease gene", An J Hum Genet (UNITED STATES) 
APR 1990 , 46 (4) P762-75 



US, A, 4666828 (JAHES F. GUSELLA) 
19 May 1387 , 
see the whole document 



Dialog Information Services, File 154, Medline 
33-90; NLM acession no. 890983Z4, Whaley WL: 
■Mapping of D4S98/S114/S113 confines the Hunting- 
ton's defect to a reduced physical region at the 

telomere of chrowsosie 4", Nucleic Acids Res (ENG- 
LAND) Dec 23 1988 , 16 (24) P 11769-80 



r^*~su*.iaa 

!V. CERTJRCATSOM 

-MirjBS755Sc55iS5in of tto liMrwttoMl S«neta 



21st 



EUROPEAN PATENT OFFICE 



'•/.1S5 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO.PCT/GB 90/01481 




